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SUMMARY 

The Langley  Research  Center  has  been  operating  variable-stabil i ty  heli-  
copters   s ince   1953 to  explore  a wide v a r i e t y  of  navigation,  guidance,  control,  
and display  problems  associated  with low-speed f l i g h t .  The cur ren t   research  
v e h i c l e  is a CH-47B h e l i c o p t e r  which  has  been  modified to provide a general- 
purpose v a r i a b l e - s t a b i l i t y   c a p a b i l i t y   f o r   t h e  VTOL Approach  and  Landing  Tech- 
nology (VALT) Program. This report descr ibes   the   func t iona l  aspects of t h e  
hardware  of  the VALT  CH-47 research   sys tem  and   d i scusses   the   capabi l i t i es   o f  
t h e   o v e r a l l  system. Data from automatic   decelerat ing  approaches to a touch- 
down, flown in   va r ious  wind condi t ions,  are presented to  i l lustrate  the   per for -  
mance  of t h e   o v e r a l l  system. 

INTRODUCTION 

The Langley  Research  Center   has   been  operat ing  var iable-s tabi l i ty   hel i -  
cop te r s   s ince  1953. The f i r s t   v a r i a b l e - s t a b i l i t y   h e l i c o p t e r  used  by  Langley 
was an H03S-1 ( f ig .  1 )  which  had  been  modified so t h a t   e l e c t r i c a l - i n p u t   s i g n a l s  
cou ld   mve   t he   a i r c ra f t ' s   con t ro l   sys t em  th rough  parallel  e lectr ical  actuators 
i n   p i t c h ,   r o l l ,  and yaw. The e v a l u a t i o n   p i l o t  moved controls   connected to  
rheos t a t s ,   t he   ou tpu t s   o f  which were wired to  a modified  autopilot   through 
potent iometers   permit t ing  var iable   gains .  The s a f e t y   p i l o t ,  on  the  other  hand, 
remained  connected to the  basic  mechanical  control  system.  Although  crude by 
today ' s   s t anda rds ,   t h i s   va r i ab le - s t ab i l i t y   he l i cop te r   s e rved  as an  invaluable 
tool for   gather ing  handl ing-qual i t ies   data   (e .g . ,   ref .  1 )  t h a t  were even tua l ly  
incorporated  into  documents  such as those   de ta i l ing   handl ing-qual i t ies   requi re -  
ments  for a l l  m i l i t a r y   h e l i c o p t e r s   ( r e f .  2 ) .  

I n  1962 the  Langley  Research  Center   ini t ia ted  s tudies   with a replacement 
v a r i a b l e s t a b i l i t y   h e l i c o p t e r ,   t h e  YHC-1A ( f i g .  2 ) .  T h i s   a i r c r a f t ,  l a t e r  redes- 
ignated a CH-46C1 represented a major advance   i n   va r i ab le - s t ab i l i t y   capab i l i t y  
a t  Langley. I t  had four   control lable   degrees   of   f reedom  (pi tch,  r o l l ,  yaw, and 
co l l ec t ive )   t h rough   fu l l - au tho r i ty ,   e l ec t rohydrau l i c   ac tua to r s  mounted in   pa ra l -  
l e l  with  the  basic  mechanical  control  system,  an  onboard  analog  computer,  and 
an  extensive set of sensors.  The veh ic l e  was used to  develop  the  so-called 
"model-following"  method  of a i rborne  s imulat ion  ( ref .   3)  , one  of  the f i r s t  known 
a p p l i c a t i o n s  of th i s   t echnique .  The YHC-1A served as a "workhorse"  in  expanding 
the  handl ing-qual i t ies   data   base  ( refs .  4,  5,  and  6, fo r   example )   i n i t i a t ed   w i th  
t h e  H03S-1. In   1968,   Langley  ini t ia ted  the VTOL Approach  and  Landing  Technology 
(VALT) Program to inves t iga t e   t he   ze ro -v i s ib i l i t y ,   z e ro -ce i l i ng ,   dece le ra t ing  
approach  problem. The YHC-1A was employed as t h e   p r i m a r y   f l i g h t - t e s t   v e h i c l e  
i n   t h i s  program  and was used i n  1972 to  pe r fo rm  the   wor ld ' s   f i r s t   f u l ly  auto- 
matic decelerating  approach  and  landing to  a predetermined spot ( r e f .   7 ) .   Th i s  
a i r c r a f t  was r e t i r e d   i n  1974 after 12  years of se rv ice .  

The replacement   for   the YHC-1A was a CH-47B h e l i c o p t e r   ( f i g .  3)  which  had 
been  modified  for  the U . S .  Army's Tactical Aircraft   Guidance  Systems (TAGS) 



program. This program, described i n  reference 8 ,  was  aimed a t  developing and 
demonstrating an  advanced flight-control concept  using  a t r iply redundant digi- 
t a l  fly-by-wire system. I n  order to support  the VALT program, the  aircraft was 
subsequently modified by the Langley Research Center to a  general-purpose 
variable-stability  research  helicopter. The purpose of t h i s  report is to 
describe  the VALT CH-47 helicopter,  the  airborne  research system, and related 
ground-based f ac i l i t i e s  and also  to  discuss  the  capabilities of the  overall 
system. 

Use  of trade names or names  of manufacturers i n  t h i s  report does not con- 
s t i t u t e  an of f ic ia l  endorsement of such products or manufacturers, either 
expressed  or  implied, by the  National Aeronautics and Space Administration. 

SYMBOLS AND ABBREVIATIONS 

Values are given i n  both the  International System  of Units  (SI) and U.S. 
Customary Units .  The measurements and calculations were  made i n  U.S. Customary 
Uni t s .  

Symbols 

a, ,ay, a,  body-mounted accelerometer  outputs, m/s2  (f t/s2) 

4 gravity  constant, 9.8 m/s2 (32.2 ft/s2) 

K1 r K 2  system gains 

S Laplacian  operator 

x,y,z  displacement i n  runway-reference coordinate frame, m (ft) 

e p i tch   a t t i  tude, rad 

T time constant, s 

4 rol l   a t t i tude,  rad 

9 yaw att i tude,  rad 

A dot over a symbol indicates a derivative wi th  respect  to time. A cir-  
cumflex (n) denotes an estimated  value. 

Abbreviations 

ADF automatic direction f inding  

ARRC Aeronautical Research Radar  Complex 
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CQU 

CKP 

D I U  

DME 

D S C  

ECS 

FDRS 

FM 

HOME 

HRTVC 

I cs 

J- box 

LTS 

PCM 

SAS 

TAGS 

TANS 

TDS 

T I U  

Tv 

UHF 

VALT 

VOR 

VHF 

VTOL 

WFC 

control-display  unit 

cathode-ray  tube 

digital  interface  unit 

distance-measuring  equipment 

discrete  signal  conditioner 

electronic  control  system 

Flight  Display  Research  System 

frequency  modulation 

hardover  monitoring  equipment 

high-resolution  television  camera 

intercommunication  system 

junction box 

laser  tracking  system 

pulse-code  modulation 

stability-augmentation  system 

Tactical  Aircraft  Guidance  System 

terminal  area  navigation  system 

transponder  data  system 

transponder-data-system  interface  unit 

television 

ultra  high  frequency 

VTOL  Approach  and  Landing  Technology 

VHF annirange 

very  high  frequency 

vertical  take-of f and  landing 

Wallops  Flight  Center 
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OPERATIONAL CONCEPT 

The VALT CH-47 research  system w a s  designed to be a general-purpose  facil-  
i t y   fo r   t he   i nves t iga t ion   o f   nav iga t ion ,   gu idance ,   con t ro l ,  and d isp lay   concepts  
applicable to a wide range of VTOL aircraft. The primary  research mode inc ludes  
both  an  airborne  system and  ground-based f a c i l i t i e s  as d e p i c t e d   i n   f i g u r e  4. 
The sys tem  func t ions   in  a typ ica l   ope ra t ion  are as follows: Aircraft p o s i t i o n  
r e l a t i v e  to  t h e   d e s i r e d  touchdown p o i n t  is determined by the  radar-laser track- 
ing  system  and  sent to t h e   a i r c r a f t   o v e r  a d i g i t a l  data l ink .  The incoming 
p o s i t i o n   s i g n a l s  are processed i n  an onboard computer and,  along  with  various 
o ther  parameters, are used to derive guidance  and  control ou tputs .  (The guid- 
a n c e   i n   t h i s  case is r e l a t i v e  to stored speed, a l t i t u d e ,  and horizontal-path 
p r o f i l e s . )   P e r t i n e n t  parameters, such as p i t c h  and r o l l  a t t i tude,  are s e n t  to  
the   g round  over   the   d ig i ta l   da ta  l i n k  and then to an   i n t e rac t ive   g raph ic s  ter- 
minal located i n  the  Flight  Display  Research  System (FDRS) trailer. The graph- 
ics terminal creates the  cathode-ray-tube (CRT) d i s p l a y s  which are t r ansmi t t ed  
to  t h e   a i r c r a f t   v i a  a wide-band v ideo   l i nk  and  displayed to the   eva lua t ion  pilot 
on h i s   i n s t r  ument-panel  monitors. 

The remainder  of t h i s  report describes the  elements of t h e  VALT research  
system.  Optional  research modes not  using  the  primary  system are also noted. 
F i n a l l y ,   t h e   c a p a b i l i t i e s  of the  system are i l lus t ra ted  by p resen t ing   da t a  from 
f u l l y  automatic, decelerat ing  approaches to  a hover  landing. 

RESEARCH AIRCRAFT 

General Description 

The VALT research  system w a s  i n s t a l l e d   i n   t h e  CH-47B he l i cop te r  shown i n  
f i g u r e  3. This   he l icopter  is a twin-turbine-engine,  tandem-rotor  aircraft 
des igned   for   the   t ranspor ta t ion  of men and  equipment. The overall   dimensions 
are g i v e n   i n   f i g u r e  5 .  The al lowable  gross   weight  is 177 929 N (40 000 l b ) ,  
and the  vehicle   has  a top speed of  approximately 160  knots. 

The he l i cop te r  was loaned to the  NASA by the  U . S .  Army f o r  u s e  i n   t h e  VALT 
program. I t  had  been modified previous ly   for   the  Army TAGS program ( r e f s .  8 
to l l ) ,  and included a pseudo fly-by-wire  control  system. Many elements  of t h i s  
system were retained  during  the  subsequent  VALT modif icat ions and are descr ibed 
here in .  

The P i to t - s t a t i c   sys t em of a s tandard  CH-47B includes a p i t o t  t u &  mounted 
on  the  forward  t ransmission  fa i r ing  (see  f ig .  6) and s ta t ic  pressure  sources 
on e i t h e r  side of the   fuse lage .  The research  system employs  a  second p i t o t -  
s t a t i c  system  which  includes a pi tot  tube mounted on t h e   l e f t  side of the  nose 
(see f i g .  6 )  and s ta t ic  pressure  sources on e i t h e r  side of the   fuse lage  j u s t  
a f t  of the   s tandard  s t a t i c  pressure  sources. The p i t o t  t u b e  and s t a t i c  pres- 
sure sources were TAGS program modif ica t ions   ( re f .  9 )  which  were r e t a ined  dur- 
ing   the  VALT modif icat ions.  

A s ign i f i can t   mod i f i ca t ion  made to t h e   a i r c r a f t   d u r i n g   t h e  VALT system 
ins t a l l a t ion   i nvo lved  a s t r u c t u r a l  rework of t h e   r i g h t  side of  the  nose compart- 
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ment to accommodate d u a l  CRT displays.  The o n l y   e x t e r n a l   v i s i b l e   e v i d e n c e  of 
th is   modi f ica t ion  is t h e  small f a i r i n g  shown i n   f i g u r e  6. 

Flight  Control  System 

The f l i gh t   con t ro l   sys t em of the  aircraft  had  been extensively  modif ied 
f o r   t h e  TAGS program. Tr ip l ex ,   fu l l - au tho r i ty ,  parallel, e l e c t r o h y d r a u l i c  
a c t u a t o r s  had  been added to each   cont ro l  axis  (p i t ch ,  rol l ,  yaw, and collec- 
t i v e ) .  The a c t u a t o r s  were connected to the  mechanical  control  system  of  the 
a i r c r a f t   t h r o u g h   r o t a r y   c l u t c h e s  which were he ld   c losed  by hydrau l i c  pressure 
while   the  system was engaged.  Additional TAGS modif icat ions  included rework- 
ing  the  mechanical  l inkages between t h e   p i l o t ' s   c o n t r o l s  and the  stick-boost 
a c t u a t o r s  to reduce f r i c t i o n  and hysteresis .   The-foregoing  modif icat ions are 
documented in   r e f e rence  9 .  

I n  implementing  the VALT system, two o f   t he   t h ree   ac tua to r s   i n   each  chan- 
n e l  were removed to  o b t a i n  a simplex, or single  channel,   system. The r o t a r y  
c lu t ches ,  as well as the  mechanical  l inkage  modifications,  were r e t a ined .  The 
right-hand set of   convent ional   cockpi t   control  w a s  d i s c o n n e c t e d   f r a n   t h e   l e f t -  
hand set, control-posi t ion  t ransducers  were added, and an  independent  force-trim 
system w a s  i n s t a l l e d .  The mechan ica l   cha rac t e r i s t i c s  of t h e   e v a l u a t i o n   p i l o t ' s  
(r ight-hand)  control  system are g i v e n   i n  t ab le  I. 

Figure 7 is a s implif ied  diagram of t h e   f i n a l  VALT CH-47 control   system. 
The s tab i l i ty -augmenta t ion   sys tem (SAS) was not   modi f ied   except   for   the   addi t ion  
of a transducer mounted  on each SAS ac tua to r  to  measure  the  posit ion of t h e  
ex tens ib le   l ink .   This   t ransducer  was added dur ing   the  TAGS modification  and 
r e t a i n e d   i n   t h e  VALT system. The app l i ca t ion  of th i s   t ransducer  w i l l  be covered 
i n  a subsequent  section. 

Cockpit   Modifications 

I n   t h e  VALT CfI-47 research-system  configurat ion  the  safety pi lot  occupies 
the  lef t -hand  cockpi t  seat  and  the  evaluation  pilot   occupies  the  r ight-hand 
seat. A l l  c r i t i ca l  switches and  gages were located to  make them accessible to 
t h e   s a f e t y   p i l o t .  The s a f e t y   p i l o t ' s   d i s p l a y   p a n e l ,  shown i n   f i g u r e  8, included 
a s i d e s l i p   i n d i c a t o r   ( t h e   e d g e  meter i n   t h e  lmer l e f t   c o r n e r   o f   t h e   p a n e l )  
dr iven by a s i d e s l i p  vane  located  on a post below the  nose of t h e   a i r c r a f t .  
(See f i g .  6.) 

The center  console w a s  c anp le t e ly   r ev i sed  to incorpora te   the  VALT naviga- 
t i o n  and  communication  equipment  and  research-system  control and monitoring 
u n i t s  as shown i n   f i g u r e  9. 

Navigation  and  Canmunication  Equipnent 

The navigation  and  communication  equipment  installed  in  the VALT CH-47 
h e l i c o p t e r  are l is ted i n  table 11. A s  i n d i c a t e d   i n   t h e  table, some of t h i s  
equipment w a s  wired to  provide  outputs   for   the  research  system. 
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The interphone  system vas modified to provide  an  air-to-ground  transmitt ing 
c a p a b i l i t y  from the   jumpsea t   s ta t ion   and   research-sys tem  opera tor ' s   s ta t ion .  
I n   a d d i t i o n ,   t h e   s i x   o b s e r v e r   s t a t i o n s  shown i n   f i g u r e  10  have  been  provided 
with a moni tor ing   capabi l i ty .  

An audio-warning  (passenger-address)  system was wired to t h e  s a fe ty -p i lo t ,  
eva lua t ion-p i lo t  , research-system operator, and j ump-seat i n t e rphone   s t a t ions  
t o  provide  an audio cue  (an   a i r l ine- type  chime tone)  any time t h a t   t h e   r e s e a r c h  
control   system is engaged or disengaged. The s i g n a l  to sound the  chime is gen- 
e ra t ed  by the   e l ec t ron ic   con t ro l   sys t em (ECS). 

Opera t ing   Limi ta t ions  

The VALT research-system  modifications,  as well as the   p rev ious  TAGS modi- 
f ica t ions ,   have   no t  resulted i n  any   add i t iona l   ope ra t ing   l imi t a t ions  on t h e   a i r -  
c r a f t .  As such,   the   s tandard CH-47B o p e r a t i n g   l i m i t a t i o n s  summarized i n  
t a b l e  I11 apply. A t  t he   p re sen t  time, however, t h e   a i r c r a f t  is being operated 
only  up to 120 knots  with  the  research  system  engaged.  This is a n   a r b i t r a r y ,  
self-imposed limit e s t a b l i s h e d   f o r   a n   i n i t i a l   p e r i o d  until operat ing  experience 
can be accumulated wi th   t he   ove ra l l   r e sea rch  system. To date, over 100  f l i g h t  
hours  have  been  accumulated  with  this  research  system. 

RESEARCH SYSTEM 

Components 

Figure 1 1  is a s impl i f i ed  block diagram of the   p r imary  VALT CH-47 f l i g h t  
system. The major subsystems  include  the  digital   computing  system,  analog com- 
put ing  system,  e lectronic   control   system (ECS), hardover  monitoring  equipment 
(HOME), the   ins t rumenta t ion   sys tem,   d i scre te   s igna l   condi t ioner  (DSC), t he  
transponder  data  system (TDS), and the  display  system. The subsystems  are 
mounted on p a l l e t s   ( t a b l e s )   i n   t h e   c a b i n  area a s  shown i n   f i g u r e  10. Control  
of  the  subsystems is accomplished  from  the  research-system  operator's  console 
described i n   t h e   n e x t   s e c t i o n .  

Operator 's   Console 

Design  of  the  research-system operator's console  was i n i t i a t e d  by estab-  
l ishing  the  following  ground rules: 

( 1 )  The en t i r e   a i rbo rne   r e sea rch   sys t em would be con t ro l l ed  and monitored 
by a s ing le   ope ra to r  from a fixed  station  (except  arming and engaging  the con- 
t ro l  system). 

(2) Contro ls  and d i sp lays  would be grouped  according to p r i o r i t y .  

(3 )  Switch  posi t ions would ind ica t e   sys t em  s t a t e ,  and the  use of s ta tus  
l i g h t s  would be minimized. 
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(4 )  Use of l i g h t s ,  where j u s t i f i e d ,  would  employ the  fol lowing color 
scheme: 

Green - i n d i c a t e s  a normal   condi t ion  that   requires   no  response.  

Amber - i n d i c a t e s  a cond i t ion   t ha t  requires awareness  and  possibly 
a la te r  response. 

Red - warns of a condi t ion   tha t   requi res   immedia te   a t ten t ion  
and/or  action. 

By using  these  ground rules, the  research-system operator's console was 
designed  and  implemented as shown i n   f i g u r e  12. The console was organized by 
o rde r ing   con t ro l  and  monitoring  functions  according to their   importance  and 
frequency  of use.  

The primary  panel (see f i g .  1 3 )  includes  the  displays  used  in   monitor ing 
the  ECS, a remote HOME system  monitoring  and  control  panel, a c o n t r o l  and  dis- 
p l ay   un i t   fo r   t he   d ig i t a l   canpu te r ,   da t a - sys t em  con t ro l s  and d i sp lays ,  and a 
communication c o n t r o l  box. Although  the  analog-computer  controls  and  displays 
are not   located  on  the  pr imary  panel ,   they are located  within  the  research-  
system operator's primary  viewing area. 

The secondary  panel is used for   monitor ing  f l ight   condi t ions  and is l o c a t e d  
immediately  above  the  primary  panel. 

The t e r t i a r y   p a n e l ,  shown i n   f i g u r e s  1 2  and 1 4 ,  is located  above  the  analog 
computer  and  contains  the ECS conf igu ra t ion  s w i  tches,  power swi tches,   and  other 
miscellaneous  controls  and  displays  which are gene ra l ly  set and  remain set  dur- 
ing   the   course  of a f l i g h t .  The guarded  emergency-disengage  switch was inten-  
t i ona l ly   pos i t i oned  a t  the  extreme  end of t h e   t e r t i a r y   p a n e l .  

The toggle   switches  that   control   the   research  system are set up s u c h   t h a t  
they are a l l  down  when the  system is shut   off  and a l l  up in  the  primary  in- 
f l i gh t   r e sea rch   conf igu ra t ion .   In   add i t ion ,  a l l  the  switches,   except  the data 
and camera on-off  switches, are of the  pull-to-set   type to  preclude  unintention- 
a l l y   a c t u a t i n g  them. 

Twelve i n d i c a t o r   l i g h t s  have  been  incorporated  into  the  f inal   design:  
9 are g r e e n   s t a t u s   l i g h t s ,  2 are amber, and 1 is  red. The r e d   l i g h t   i n d i c a t e s  
t h a t   t h e  HOME system.  has   autmatical ly   disengaged  the ECS and  must be reset  
before   the ECS can be reengaged. One of the amber l i g h t s   i n d i c a t e s   t h a t   t h e  
ECS is engaged,  whereas  the  other amber l i g h t   i n d i c a t e s   t h a t  one  channel  of 
t h e   t r i p l e x  HOME system  has  failed.  

D i g i t a l  Computing  System 

The d i g i t a l  computing  system i n s t a l l e d   o n   t h e   a i r c r a f t   c o n s i s t s  of a 
general-purpose  Sperry 1 81 9A d i g i t a l   c a n p u t e r ,  a pair of cont ro l -d isp lay   un i t s  
(CDU), a d i g i t a l   i n t e r f a c e   u n i t  (DIU)  , and a transponder-data-system  interface 
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u n i t  (TIU) .  The computer  and D I U  are mounted on a pa l l e t  as shown i n   f i g u r e  15. 
The TIU is rack mounted on  the same pallet. One of the   con t ro l -d i sp lay   un i t s  
is mounted  on t h e  cockpit center   console   ( f ig .  9), whereas   the  other  is mounted 
on  the  research-system operator's primary panel   ( f ig .   13) .  

D i g i t a l  computer.-  The  general-purpose d i g i t a l  computer was s p e c i f i c a l l y  
designed for a i rborne   appl ica t ions .  I t  has   16 384 words of 18-bit ,  magnetic 
core memory: 1024 words of  18-bit, solid-state, read-only memory; 7 input-output 
channels;  and a b u i l t - i n  test rout ine.  A write-protect feature is provided for 
2048 consecut ive   s torage   loca t ions .  

D i g i t a l   i n t e r f a c e   u n i t . -  The i n t e r f a c e  between t h e   d i g i t a l  ccnnputer and 
the   ana log   s igna l s  employed i n   t h e  VALT system is provided by t h e   d i g i t a l   i n t e r -  
face u n i t  ( D I U ) .  The D I U  performs analog-to-digi ta l   conversions  for  30 input  
channels and digi ta l - to-analog  conversions  for  30 output   channels .   In  addi- 
t i o n ,   t h e  DIU p rov ides   t he   capab i l i t y  to input   12 discretes i n t o   t h e  computer 
and accept 12 discretes from  the computer. All of  these  84  channels  are wired 
d i r e c t l y  to dedicated t e rmina l s   i n   t he  VALT s i g n a l   j u n c t i o n  box (J-box) . 

Transponder-data-system  interface  unit.-  The TIU is a d ig i t a l - to -d ig i t a l  
conver te r   which   connec ts   the   d ig i ta l  computer to the  t ransponder  data system, 
t h e  two-way air-to-ground  digital-data-link  subsystem. The TIU provides   the  
l e v e l   s h i f t i n g ,  logic sequencing,  and memory buffer ing  required to accept uplink 
data from t h e  TDS and t ransmi t  it to t h e  computer  and, also, to  accept d a t a  from 
the  computer and  transmit it to  t h e  TDS. 

Control-display  uni ts .  - The man-machine i n t e r f a c e   w i t h   t h e   d i g i t a l  comput- 
ing  system is provided by con t ro l -d i sp lay   un i t s  (CDU),  one of which is shown 
i n   f i g u r e  16. Each CDU cons is t s   o f  15-momentary unlighted  pushbuttons,  
ll-momentary l igh ted   pushbut tons ,  a 12-posit ion rotary switch,  and  an I l - d i g i t  
gas- tube  indicator   divided  into  one  6-digi t   group and  one  5-digit  group. A l l  
o f   the   func t ions   such  as l ight ing  the  pushbut tons  and  display  blanking are com- 
p le te ly   under   sof tware   cont ro l .  A s  such ,   the  C W '  s are general-purpose  inter-  
faces .  Besides sof tware,   only  the  legends  on  the  but tons  and  rotary  switch need 
to  be changed to s u i t  the  spec i f ic   exper iment  a t  hand. The p resen t  VALT con- 
f i g u r a t i o n   u t i l i z e s  two of   these CDU's ,  each  of  which is connected to  a dedi- 
cated input-output  channel so tha t   they   can  perform e n t i r e l y  separate func- 
t ions.   Addi t ional  de t a i l s  o f   t h e   d i g i t a l  computing  system are g iven   i n  
re ference  12. 

Analog  Computing  System 

The analog computer i n s t a l l e d   i n   t h e  VALT (31-47 a i rc raf t  is shown i n  
f i g u r e  12. This  is a general-purpose  analog computer composed of solid-state 
computing  components.  Each  component has   input  and output  terminations  on a 
prepatch  panel   for   interconnect ion by patch cords. The monitoring  and  control 
panel includes a d i g i t a l   v o l t m e t e r ,  a mult i range  vol tmeter ,  and a pushbutton 
signal-selector  system. Computer mode cont ro l ,   such  as operate or reset, can 
be controlled  manually  through a series of  mode-control  pushbuttons or auto- 
matical ly .  The automatic mode-control results i n  the computer be ing   i n  "reset" 
when t h e  ECS is disengaged and i n   t h e  "operate" mode when t h e  ECS is engaged. 
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Addit ional  or modified mode con t ro l   ove r   s e l ec t ed   i n t eg ra to r s  can be imple- 
mented through  the  patch panel. 

The  computer conf igura t ion   inc ludes  48 opera t iona l  amplifiers (14 of  which 
can be implemented as i n t e g r a t o r s )  , 60 potentiometers,  and 14 nonlinear  compo- 
nents ,   including comparitors, func t ion   swi tches ,   mul t ip l ie rs ,  and var iable-  
diode-function  generators.  The cmpute r  is connected to t h e  VALT s i g n a l  junc- 
t i o n  box v i a  42 trunks  which may be u t i l i z e d  as e i t h e r   i n p u t  or output  l i n e s .  

A s  noted earlier, a l l  programming is accanplished by in te rconnec t ing  com- 
ponents   with  patch  cords  on a prepa tch   pane l .   In   o rder  to r econf igu re   t he  
analog-canputer  program  between  experiments,  therefore,  the  prepatch  panel is 
replaced wi th   one   con ta in ing   t he   a l t e rna te  program. 

E lec t ron ic   Con t ro l  System 

The electronic control system (ECS) contains   the  s ignal   condi t ioning  neces-  
s a r y  to convert   an electrical inpu t   s igna l  from the  research  system to an elec- 
t rohydraul ic   actuator   posi t ion  and,   hence,  a mechanical  control-system  input. 
The system  contains   four   channels :   p i tch,  roll, yaw, and co l l ec t ive .   S ince  
a l l  channels are e s s e n t i a l l y   t h e  same, only   the   p i tch   channel  w i l l  be descr ibed 
herein.  

Figure 1 7  is a s impl i f ied   b lock   d iagram  of   the   p i tch   channel  of t h e  ECS. 
There are th ree   ope ra t ing  states: disengaged,  armed,  and  engaged. I n   t h e   d i s -  
engaged s ta te ,  t he   e l ec t rohydrau l i c   ac tua to r  is depressurized  and,  hence,   does 
not  respond to electrical  inpu t s .   I n   add i t ion ,   t he   ro t a ry   c lu t ch  is depres- 
sur ized  and held  open  by  internal   spr ings.  

When the  system is armed, the  c lutch  remains  open  but   the  actuator is pres- 
su r i zed  and begins   t rack ing   the   ac tua tor  command s i g n a l .   I n   t h i s  state, t h e  ECS 
track-and-hold  c i rcui t ry  tracks an  incoming  s ignal ;   therefore ,   the   actuator  
command s i g n a l  is e q u a l   e i t h e r  to  zero or to t h e   s a f e t y  pi lot ' s  s t i c k  p o s i t i o n  
depending  on  the  posit ion  of  the  preengage  actuator m o d e  switch a t  t h e  cmputer- 
operator s t a t i o n .   I n   t h e   c e n t e r  mode, t he   ac tua to r   d r ives  to i ts  c e n t e r  posi- 
t i o n  prior to engaging.   In   the  synchronizat ion mode ("sync") t h e   c l u t c h   f a c e s  
are aligned  in  an  open-loop manner prior to engaging.  Synchronization is 
required to i n s u r e   t h a t   t h e  ECS ac tua tor  and s a f e t y  pi lot ' s  con t ro l   r each   t he i r  
r e s p e c t i v e   f u l l - t r a v e l  stops a t  approximately  the same time. 

When the  system is engaged ,   the   ro ta ry   c lu tch  is c losed  by hydraul ic  pres- 
sure .  A t  t h e  same time, the  t rack-and-hold  c i rcui t ry   holds   the  incoming  s ignal ,  
thus   a l lowing   the  ECS i n p u t   s i g n a l  to pass and,   hence,   dr ive  the  control   system. 
The source   o f   t he   i npu t   s igna l  is con t ro l l ed   by   t he   pos i t i on  of t h e  computer- 
c o n t r o l  mode switch  and  the SAS cancel ing  switch,   both of which are loca ted  a t  
the  computer-operator  station. 

The canputer-control mode switch is used to select e i t h e r  a cmputer -  
der ived signal or the   eva lua t ion -p i lo t   s t i ck -pos i t i on   s igna l  as the   i npu t  source. 
Se lec t ing   t he  evaluation-pilot s t i ck -pos i t i on   s igna l  (cmputer c o n t r o l  m o d e  o f f )  
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as t h e  source simulates the  s tandard,   dual-control ,   mechanical   system  s ince  the 
s a f e t y   p i l o t ' s   c o n t r o l s  w i l l  track the   eva lua t ion  pi lot ' s  c o n t r o l s  on a one-to- 
one basis. 

The aircraft  is normally  flown  with dua l  SAS. With t h e  SAS cance l ing  
swi tch   o f f ,   the   research   sys tem  dr ives   the  augmented a i r c r a f t ;   t h e   f i n a l   c o n t r o l  
input  is the  sum of the  research-system  input  and  the  dual SAS inputs .  

I n   g e n e r a l ,   t h e r e  are advantages   in   d r iv ing   the  unaugmented aircraft  with 
the  research  system.  Although it is poss ib l e  to t u r n   t h e  SAS o f f ,   t h i s  is no t  
an  acceptable procedure from a safe ty-of - f l igh t   s tandpoin t .   Therefore ,   the  
method of SAS canceling  used by TAGS was adopted where t h e  total  SAS input  is 
measured and canceled  by  an  equal and opposite input  to t h e  ECS actuator. This 
mode is obta ined   wi th   the  SAS cancel ing  switch on. 

To operate the  system,  the computer opera tor  selects the  engage  configura- 
t i o n  by se t t ing   the   p reengage  actuator mode switches,  SAS cancel ing  switches,  
and computer-control mode switches to t h e i r  appropriate pos i t i ons .  The evalu- 
a t i o n  pilot  then arms and  engages  the  system. 

Arm process.- Arming one or more channels   wi th   the   magnet ica l ly   he ld  closed 
switches  causes   the  research-system  operator 's   appropriate  arm l i g h t s  to illumi- 
nate. The engage l i gh t   r ema ins   o f f   i nd ica t ing   t he   c lu t ch  is open. A t  t h i s  time 
the  canputer operator can  press   the  preengage test button,  which  provides an 
a r t i f i c i a l  engage s i g n a l  to the  t rack-and-hold  c i rcui t ry  to check i ts  funct ion  
and to allow canputer or e v a l u a t i o n   p i l o t ' s  s t i c k  s i g n a l s  to d r i v e   t h e  actuator. 
(S ince   t he   c lu t ch  is no t   c lo sed ,   t he  actuator w i l l  no t  be d r i v i n g   t h e   c o n t r o l  
sys t em  in   t h i s  mode.) The test but ton is s p r i n g  loaded so t h a t ,  when released, 
t h e  system r e v e r t s  to t h e  normal mode. 

Engage process.- The engage  switch is a spring-loaded, sl ide swi tch   loca ted  
on the   eva lua t ion  pi lot ' s  c o l l e c t i v e   l e v e r .  When the   swi t ch  is momentarily 
actuated,   clutches  corresponding to  the  armed axes close, the   engage   l i gh t s  
i l lumina te ,  and an audio chime  tone is sounded.   Relay  logic   prevents   the  evalu-  
a t i o n   p i l o t  from  arming  additional  channels  once  the  system is engaged.  This 
is necessa ry   s ince   t he  unarmed a c t u a t o r s  would g e n e r a l l y   n o t  be aligned with 
the   s a fe ty -p i lo t   con t ro l s ;   t he re fo re ,   s imu l t aneous   a l ignmen t   and   c lu t ch  closure 
could cause cont ro l - sys tem  t rans ien ts .  

Disengage process.- The ECS r equ i r e s  28 volts dc to engage  and  remain 
engaged. The 28-volt   engage  l ine  can be momentarily  "broken" by t h e   s a f e t y  
pilot 's  co l l ec t ive   d i sengage   bu t ton ,   t he   s a fe ty  pi lot ' s  center -s t ick   d i sengage  
but ton,  or the   eva lua t ion  p i lo t ' s  center -s t ick   d i sengage   bu t ton .  Any momentary 
power i n t e r r u p t i o n  causes the  magnet ical ly   held arm switches to  release, 
thereby  permanently  opening  the circuit. In   add i t ion  to the   th ree   d i sengage  
swi tches ,   the  circuit  can be opened by phys ica l ly   pu l l i ng   t he  arm swi t ch   o f f ,  
which   d i sengages   tha t   par t icu lar   channel ,  or by t h e  HOME system,  which  disen- 
gages a l l   channe l s   au tomat i ca l ly .  The canputer   operator   a lso  has   a   guarded 
switch which can be used to open t h e  circuit. 

S ince   t he  ECS r equ i r e s  power to  remain  engaged, c u t t i n g  power to t h e   e n t i r e  
research  system w i l l  also cause it to disengage. Two swi t ches   i n  series, one i n  
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t h e  cockpit on  the center console  and  one a t  the  computer-operator  station, con- 
trol  power to the   en t i r e   r e sea rch   sys t em.  

I n   a d d i t i o n  to  t h e  electrical disengage modes, t h e r e  are several   backup 
sa fe ty   f ea tu re s   des igned  i n t o  the  actuator-clutch  system.  These features were 
designed i n t o  the  TAGS system  and  retained by t h e  VALT system. The c l u t c h  
requires u t i l i ty -sys tem  hydraul ic   p ressure  t o  remain  engaged. Any f a i lu re   caus -  
i ng  loss i n  p re s su re  w i l l  disengage  the  clutch.  By assuming t h a t   t h e   c l u t c h  
remains  engaged (a dua l  fa i lure) ,  t he  pilot  can  then  back-drive  the  depressur- 
i zed   hydrau l i c   ac tua to r  by   overcoming  the   forces   g iven   in   t ab le  IV. I n   t h e  
unl ike ly   event   tha t   bo th   the  actuator and  c lutch  remain  pressurized  fol lowing 
a d i sengagemen t   ( t h i s   r equ i r e s   t h ree   un re l a t ed   f a i lu re s ) ,   t he   s a fe ty   p i lo t   can  
f l y   t h e   a i r c r a f t  by s l ipp ing   c lu t ches   u s ing  forces given i n  table IV. 

Hardover  Monitoring  Equipment 

A s  noted i n  a previous section, t h e  VALT CH-47 research  system  employs 
fu l l - au tho r i ty ,  parallel, e l ec t rohydrau l i c   ac tua to r s   d r iven  by nonredundant 
electronics in   each  of t he   con t ro l l ed   deg rees  of  freedom. F a i l u r e   d e t e c t i o n  
and   cor rec t ion  is t h e   r e s p o n s i b i l i t y   o f   t h e   s a f e t y   p i l o t  who monitors   the 
research-system  output  through  his  controls  (which are back-driven  by  the 
research-system  actuators) .  When the  research  system is engaged,   the  safety 
p i l o t  keeps h i s  hands  and f e e t   o n   t h e   c o n t r o l s  to a i d   i n   d e t e c t i n g   f a i l u r e s  and 
t o  minimize h i s   r e a c t i o n  time in   the   event   tha t   one   occurs .   Inadver ten t  con- 
t rol  inputs  by t h e   s a f e t y   p i l o t  are prevented by  employing s u i t a b l e   c l u t c h  
s l i p f o r c e  levels.  

In   o rder  to enhance   sa fe ty ,   the  VALT CH-47 research   he l icopter  is equipped 
with a hardover  monitoring  equipnent (HOME) system (see f i g .  12)  which  automat- 
i ca l ly   d i sengages   t he  ECS any time t h a t  a hardware or s o f t w a r e   f a i l u r e  results 
i n  a runaway cont ro l   input .  The system,  described  in  reference 13, was o r i g i -  
na l ly   des igned  and b u i l t   f o r   t h e  CH-46 v a r i a b l e - s t a b i l i t y   h e l i c o p t e r .  The 
system was s u b s e q u e n t l y   i n s t a l l e d   i n   t h e  VALT CH-47 a i r c r a f t   w i t h   c e r t a i n  modi- 
f i c a t i o n s  as described  herein.  

Funct ional ly ,   the  HOME sys tem  samples   the   sa fe ty   p i lo t ' s   cont ro l   pos i t ions  
a t  s p e c i f i e d   i n t e r v a l s  and  canpares them to the  previous samples. Whenever one 
of   the  channels   (pi tch,  r o l l ,  yaw, or col lec t ive)   exceeds  a preselected  ampli-  
tude   d i f fe rence   wi th in  a given  sample  period,  the  system  disengages  the ECS. 
Since   the  HOME system is  a d i g i t a l   d e v i c e   o p e r a t i n g  a t  a fixed  sample rate i n  
each  channel ,   the   system,  in   effect ,  tests t h e  rate of the  mechanical   control  
motions. I n   t h e  VALT U-I-47 a p p l i c a t i o n ,   t h e  HOME system is programmed to  dis-  
engage  the ECS whenever the  mechanical   control   input  by t h e  ECS actuator   exceeds 
80 percent  of its maximum rate c a p a b i l i t y .  

I n  apply ing   the  HOME system to t h e  VALT CH-47 a i r c r a f t ,   t h e  i terat ion rate 
was converted to  a s p l i t - c y c l e  mode wherein  the  pi tch  channel  was sampled twice 
as o f t e n  as the   remain ing   channels .   In   addi t ion ,   f i r s t -order   l ags  were added 
t o  t h e   p i t c h ,  r o l l ,  and yaw cont ro l -pos i t ion   inputs  to  minimize  nuisance 
disengagements. 
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The characteristics of the H O M F ~ s y s t e m  installed i n  the CH-47 aircraft   are 
given i n  table V. These characteristics were selected  to  yield  acceptable con- 
trol   transients following  hardovers  while, a t  the same time, minimizing nuisance 
disengagements. During qualification  tests, hardovers and slowovers (control- 
input  rates  less than 80 percent of the maximum rate)  were inserted  into  the 
control system fran  the  research system a t   a i rc raf t  speeds up to 120 knots. 
I n  a l l  of the hardover cases,  the a i rcraf t  motions following  the  automatic dis- 
engagements  were mild and recovery was easily executed. I n  the  case of the 
slowovers, the  safety  pilot was able  to  detect  the runaway, disengage the sytem, 
'and execute a recovery  without  encountering  unacceptable transients i n  the 
ensuing aircraf t  motions. 

Power Distribution 

The design  philosophy for  the  power-distribution system i n  the VALT a - 4 7  
helicopter w a s  based on the  following criteria:  

(1)  The ac and dc power to  the  research system could be s h u t  off  via a 
single switch. 

(2) The research subsystems would not  incorporate  separate power switches 
unless  otherwise justif ied.  

(3 )  A single,  dedicated,  power-distribution box  would be utilized. 

The t i e - in  between the  power-distribution box  and the  standard electr ical  
system of the  aircraft  utilized  the  circuit-breaker boxes  which  were installed 
during the TAGS modification. ( I t  should be noted that the circuit  breakers 
were resized based on an electr ical  loads analysis of the VALT research system.) 
The  word "standard" is used i n  quotes  since  the TAGS modification  included 
replacing  the B-model generators wi th  CH-47C units having a higher power output 
plus  several  other  refinements which are not  standard on CH-47B aircraft .  A l l  
of the  modifications made i n  the TAGS program pertaining  to  the  basic CH-47B 
e lectr ical  system were retained. 

To meet the f i r s t  design criterion noted previously,  the incoming power 
was routed through two series  relays: one controlled by a switch on the  center 
console i n  the  cockpit, and the  other  controlled by a switch a t  the computer- 
operator  station. As indicated i n  figure 18, both master-power switches must be 
closed i n  order to provide power to  the  research system. A power-monitoring 
panel w a s  installed  at  the  canputer-owrator  station so that  the ac and dc volt- 
age levels and ac  frequency  could be checked prior  to applying power to  the 
research system. 

The second criterion was established  to  eliminate unnecessary switching 
requirements. Although almost a l l  the subsystems were  found to  require indi-  
vidual power switches, it was possible  to  locate them a t  the computer-operator 
station. I n  the  present  researcbsystem  configuration, power t o   a l l  the sub- 
systems, except for  the  evaluation  pilot's two CRT monitors, can be controlled 
from the  canputer-operator station. 
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The power-junction  box is located o n   t h e   a f t  end  of  the  digital-computer 
pallet as shown i n   f i g u r e  10. This  box contains  a l l  of the  power-switching 
c i r c u i t s ,   c i r c u i t  breakers, and the  s ingle   point-power  ground  for   the VALT 
research  system.  The box was designed to allow growth,   s ince  the area behind 
the   av ionics  pallet (see f i g .  10)  had  been  reserved for other  systems  which 
would be flown frcan time to  time. 

VALT Signal   Junc t ion  Box 

The over r id ing   goa l   o f   the  VALT system  design was to create an   a i rborne  
system  that  could be readi ly   conf igured  to meet the  requirements  of a wide 
v a r i e t y  of experiments. Th i s  goa l  was obtained by  employing a master-signal 
j unc t ion  box  (J-box)  through  which a l l  analog  and -discrete signals passed on 
t h e i r  way to and from each  subsystem.  The  layout of t h e  J-box is shown i n  
f i g u r e  19. A l l  of the  subsystems are connected to the  J-box f Lom t h e   l e f t  side. 
The  incoming  and  outgoing  signal  l ines  from  each  subsystem are fanned  out  and 
connected to dedicated t e rmina l s   w i th in   t he  box. From t h i s   p o i n t  on,  the  system 
configurat ion is con t ro l l ed   by   a t t ach ing  jumper wires between appropr i a t e  ter- 
mina ls   wi th in   the  J-box. I n  a sense ,   the  signal J-box is a pa tch   pane l   i n   t ha t  
any  subsystem  output  can be connected to the  input  of any  one or more subsystems 
merely by i n s t a l l i n g   t h e   p r o p e r  jumper wires. A l l  subsystem  outputs,   including 
senso r   s igna l s  from the  instrumentation  system, are buffered to p r e v e n t   a l t e r i n g  
s i g n a l   c h a r a c t e r i s t i c s  when adding   addi t iona l  loads. 

A single-point-signal  ground  concept was employed i n  the  system to minimize 
ground-loop  problems. A l l  incoming  and  outgoing  signals to  t h e  VALT s i g n a l  
J-box are s i n g l e  ended r e l a t i v e  to a common ground.  The  ground  bus is located 
i n   t h e  bottom of t h e  signal J-box  and c o n s i s t s  of a heavy  copper bar which is 
t ied d i r e c t l y  to t h e  aircraft  s t r u c t u r e .  

Instrumentation  System 

The instrumentation  system,  excluding some senso r s  and the pos i t i on   t r ans -  
ducers, is contained  on a pallet ( f ig .  20) located i n   t h e   c a b i n  area. The sys- 
tem prov ides   fu l ly   bu f fe red   ou tpu t   s igna l s  to t h e  VALT s i g n a l  J-box  which  can be 
used as inpu t s  to  one or more subsystems. I t  is important to n o t e   t h a t  t h e  
senso r   ou tpu t s   s en t  to t h e  signal J-box  and  used as control-system  inputs are 
also recorded. (Oftentimes a separate set of sensors  are employed for recording 
purposes.) The recording f i l t e r s  are implemented so as n o t  to a f f e c t   t h e   s i g -  
n a l s   s e n t  to t h e  J-box. A list of the  senso r   s igna l s  is g iven   i n  table V I .  

The data system  includes a magnetic tape recorder which is set  up to record 
both  pulse-code-modulation (Pa) and  frequency-modulation (FM) data. Input  sig- 
n a l s  to t h e  recorder, which  include  both  canputer-generated  signals  and  the buf- 
fered sensor   ou tput   s igna ls ,  are s e n t  to a s ignal   condi t ioner   which  provides   the 
c a p a b i l i t y  to p r e f i l t e r   t h e  PC24 data. The frequency  response of t h e  recorded 
P a  data is a func t ion  of severa l   var iab les   which   can  be selected to s a t i s f y   t h e  
requirements of a specific experiment. By assuming  one sample' per frame, t h e  
frequency  response of t h e  PC24 data is determined  by t h e  PC24 frame (sampling) 
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rate. Higher rates (hence, higher  frequency response)  require  faster  tape 
speeds resulting i n  lower recording times. Table VI1 shows  two  of the  options 
available w i t h  the  present system which is capable of recording 104 channels 
of PCM data. 

Another option  available  to  the user involves supercommutating particular 
channels. T h i s  reduces  the number  of channels available but  doubles the  fre- 
quency response of the supercommutated channels. 

Ten channels  for  recording FM data  are  also provided. The frequency 
response is 200 or 400 Hz, depending on the type of voltage-controlled  oscil- 
lator employed. All external  inputs  to  the  recording system are connected via 
jumper wires i n  the VALT signal J-box. 

Discrete-Signal  Conditioner 

The VALT research system contains a variety of output  discrete-signal 
levels such as switch  closures, canputer-generated discretes  fran 0- to  5-volt 
dc, and discretes from 0- to 28-volt dc generated by the ECS. Similarly,  the 
input  discrete-signal requirements for  the subsystems also vary. For example, 
the  digital  computer accepts 0- to 5-volt dc input  levels, whereas some indi-  
cator l i g h t s  a t  the  canputer-operator  console  require an input of 28-volt dc. 
I n  order to provide  the proper discrete-signal  characteristics throughout, a 
discrete-signal  conditioner (DSC) w a s  designed and fabricated. The DSC accepts 
input  discretes a t  one level from the VALT signal J-box and returns them a t  one 
or more other  levels. The DCS is currently configured to  process 26 input dis- 
cretes and to  return 3 7  outputs.  Additional  channels  are  available  for growth. 

Display System 

The evaluation-pilot instrument  panel i n  the VALT CH-47 research  aircraft 
can be configured four ways, as shown i n  figure 21. The cathode-ray-tube (CRT) 
displays  are  generated on the ground and sent  to  the  aircraft over a wide-band 
video l i n k .  The electromechanical  displays, on the  other hand, are  driven by 
onboard systems via the VALT signal J-box. The signals used to  drive  various 
elements of these  displays  fran  the VALT signal J-box pass through an avionics 
J-box which ut i l izes  jumper wires similar  to  the  signal J-box. A s  such, the 
signal J-box input can be disconnected fran  the  instrument a t  t h i s  p o i n t  and 
replaced by an appropriate navigation-system signal. 

AIR-GROUND INTERFACE 

Radar-Laser Tracking System 

A s  noted earlier,  the VALT CH-47 airborne  research system was designed to  
operate i n  conjunction w i t h  a radar-laser  tracking system located a t  the Wallops 
F l i g h t  Center (WFC) on Virginia's  Eastern Shore. T h i s  tracking system is part 
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of  an Aeronautical  Iiesearch Radar  Complex (ARRC) and consists of an FPS-l6(V) 
radar system with an integrated  laser  tracking system (LTS), a Honeywell 31 6 
computer, a Honeywell 73% computer, and peripheral equipment. 

The laser is the primary tracker i n  VALT operations; it provides  autcanatic 
range tracking and supplies azimuth and elevation  error  signals  to the FpS-16 
radar Servo system for autmatic angle  tracking. The LTS is designed to acquire 
and track  targets i n  the range interval from approximately 106.7 m (350 f t )  t o  
9144 m (30 000 f t )  and a t   a l l  azimuth angles and elevation  angles between -1 Oo 
and goo. The VALT (33-47 uti l izes  two completely passive  targets  for  the LTS, 
one on each side of the  aircraft. These targets  are 15-element, hemispherical, 
retroreflector  arrays employing open-faced, first-surface, mirror  elements. 
(See fig. 22.) Since  each retroreflector provides s l i g h t l y  more than hemispher- 
ical  coverage, the LTS can always " see" one  of the  arrays  regardless of the 
vehicle  attitude. 

I n  the  event that  the LTS loses  the  target,  the system automatically 
reverts  to  the radar  tracking mode.  The radar is always i n  a s ta te   to  resume 
tracking  since i t  is employed i n  the two-way digital  data l i n k  w i t h  the  air- 
craft  (i. e., the TDS) . 

The range, azimuth, and elevation  signals  obtained from the  radar-laser 
tracking system are  sent  to  the Honeywell 31 6 canputer as shown i n  figure 23. 
These signals  are processed to  obtain range ( X )  , crossrange (Y )  , and a l t i -  
tude ( 2 )  of the  aircraft  relative  to  the touchdown point. The position  data 
i n  X, Y, and Z Cartesian  coordinates  are computed every 100 m s  and sent  to  the 
Honeywell 73% cmputer which formats the  data and sends it to  the TDS for 
transmission to  the aircraft .  

The radar-laser  tracking system is a portion of the  overall  Aeronautical 
Research Radar  Complex located a t  WFC. Reference 1 4  provides a description of 
the entire ARRC s i t e  and includes  additional  details of the  radar-laser  track- 
ing  system. 

Transponder Data System 

The digital-data l i n k  between the  aircraft and the ground is  provided by 
the C-band transponder data system (TDS). The TDS is canposed of a ground sub- 
system and  an airborne subsystem installed on the  digital-computer table 
(fig. 15 ) .  The ground subsystem accepts digital   data  frm  the Honeywell 735G 
computer, formats the  data  (including  address and check words), and transmits 
the  data  to  the  aircraft  via  the FPS-16 radar system. The data  are  transmitted 
one word a t  a time prior  to each radar ranging pulse us ing  a pulse-position 
coding scheme. There are four  types of  words transmitted: a frame synchroni- 
zation word, proportional words (with 1 0  b i t s  resolution),  discrete words,  and 
an error code  word. These words are grouped together i n  a preset manner to  
form a data frame. Once the  data  are received onboard the  aircraft,  the decoder 
checks them and, depending on the  security mode selected i n  the  airborne 
receiver,  either i n h i b i t s  it or  transfers it to the T I U  described  previously. 
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The downlink  portion  of  the  system w o r k s  e x a c t l y   t h e  same as the   up l ink   po r t ion  
excep t   t ha t   t he  data pu l ses  making  up a word are t r ansmi t t ed   a f t e r   t he   t r ans -  
ponder  ranging  pulse. 

The system is e f f ec t ive ly   " t r anspa ren t "   i n   t ha t   wha teve r   d ig i t a l -da t a  word 
is i n s e r t e d  a t  one  end, it ( the   i npu t )  appears a t  the   o the r   end   ( t he   ou tpu t )  
b i t   f o r   b i t .  The number of uplink  and  downlink  channels  transmitted  can be 
var i ed  between t h e  limits shown i n  table V I I I .  Sane cont ro l   over  frame rate 
also e x i s t s  since frame rate depends  on  the radar pulse rate and the  number of 
words transmitted,   both  of  which can be varied.  The frame ra te  is defined by 
the   r e l a t ionsh ip :  

Radar pu l se  ra te  

N u m b e r  of words per frame 
Frame rate  = - 

The r a d a r - p u l s e r a t e   o p t i o n s  are 1024,  640, or 160 pulses per second. 

The system offers a v a r i e t y   o f  security modes; however, i n   t h e  VACT 
research  system  only  the maximum s e c u r i t y  mode is u t i l i z e d .   I n   t h i s  mode t h e  
e n t i r e  frame of data is checked  for errors and i s  t r a n s f e r r e d  t o  the  TIU on ly  
i f  found to  be f r e e  of errors. 

The TDS includes many o the r  features which are n o t   p r e s e n t l y   u t i l i z e d   i n  
t h e  VALT 03-47 research  system.  These  features  are d iscussed   in   re fe rence  14. 

Flight  Display  Research  System 

The Fl ight   Display  Research  System (FDRS) provides a general ized  display-  
gene ra t ion   capab i l i t y   u s ing  a ground-based in t e rac t ive   g raph ic s   t e rmina l   i n  con- 
junct ion  with a te lev ised   d i sp lay   t echnique  as shown i n   f i g u r e  24. The param- 
eters used to drive  various  elements  of a g iven   d i sp l ay  are s e n t  t o  the  ground 
v i a   t h e  TDS. These  inputs are used to  create real-time dynamic d i sp lays  which 
are conve r t ed   i n to   t e l ev i s ion  (TV) format by us ing   h igh- reso lu t ion   te lev is ion  
cameras (HRTVC). Once the  images are converted to  te lev is ion   formats ,   they   can  
be processed and  mixed  by using s tudio t e l ev i s ion   equ ipnen t  t o  enhance  the basic, 
interact ive,   graphics-system image. 

In   t he   p r imary   r e sea rch  mode, two independent   displays are generated by 
the   in te rac t ive   g raphics   sys tem  in   the  E'DRS and  sent  to separate t r a n s m i t t e r s ,  
one  operat ing a t  2.22 GHz and the   o the r  a t  2.32 GHz. The t r a n s m i t t e r   o u t p u t s  
are canbined  in  a diplexer   and  fed to an  auxi l iary  video  antenna on t h e  FPS-16 
radar antenna (see f i g .  4) through a r o t a r y   j o i n t .  The combined s i g n a l  is 
received a t  t h e   a i r c r a f t ,  spli t  i n t o   t h e   o r i g i n a l   f r e q u e n c i e s  by a d ip l exe r ,  
and  then  fed to  the   appropr i a t e   r ece ive r s   wh ich ,   i n   t u rn ,   d r ive   t he   cockp i t  and 
research-system operator's monitors. (See f i g .  11.) I n   t h e  course of f l i g h t  
tests, CRT p i c t u r e s  have  been  received a t  a range  of 35 n. m i .  from t h e  
t r ansmi t t e r .  
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RESEARCH-SYSTEM APPLICATION 

Data Source 

The research-sys tem  capabi l i t i es   can  be i l l u s t r a t e d  by consider ing scme 
results f r a n   t h e   i n i t i a l   f l i g h t   i n v e s t i g a t i o n   u s i n g   t h e  VALT CH-47 research  
system. The i n v e s t i g a t i o n  was conducted to e s t a b l i s h  a d a t a  base of performance 
and handl ing   qua l i t i es   for   dece lera t ing   approaches  to a hover  landing  under 
zero-v is ib i l i ty ,   ze ro-ce i l ing   condi t ions .  The basel ine  navigat ion,   guidance,  
control,   and  display  concept was a refined  version  of  the  concepts  developed 
on  the CH-46C v a r i a b l e - s t a b i l i t y   h e l i c o p t e r   r e p o r t e d   i n   r e f e r e n c e  7. This  base- 
l i ne   conf igu ra t ion   i nc luded  a high-gain  attitude-conunand  control  concept, a 
th ree -cue   e l ec t romechan ica l   a t t i t uded i r ec to r   i nd ica to r ,  and a moving-map d is -  
play.   Manual,   spli t-axis,  
which  speed was c o n t r o l l e d  
yaw, and t h e   v e r t i c a l   p a t h  
mance ob ta ined   du r ing   t h i s  
i t i es  of t h e  VALT research  

and f u l l y  autcmatic approach modes were provided i n  
through  pi tch,   the   horizontal   path  through ro l l  and 
through  co l lec t ive .  The autanat ic   approach  perfor-  
i n v e s t i g a t i o n  w i l l  be used .to i l l u s t r a t e   t h e   c a p a b i l -  
system. 

Hardware 

The hardware  configuration  used  during  these tests was the  same as t h a t  
shown i n   f i g u r e  11  excep t   t ha t   t he  25.4-cm (1 0-in. ) CRT monitor i n  t h e  cockpit 
w a s  replaced by an   e lec t romechnica l   a t t i tude-d i rec tor   ind ica tor   d r iven  by t h e  
d i g i t a l  computer. The d i g i t a l  computer  performed  the  navigation,  guidance, and 
control  functions;  whereas  the  arialog canputer was used to  obtain  the  high-gain- 
feedback  control-loop  closures employed in  the  model-following  technique.  (See 
r e f .  3 . )  

The digi ta l -computer   control  and d i s p l a y   u n i t s  were l abe led  as shown i n  
f i g u r e  25.  The automatic approach mode was obta ined  by engaging  the  system  and 
s e l e c t i n g  "auto  appr ."   Since  this  is the   on ly  mode d i s c u s s e d   i n   t h i s   r e p o r t ,  
the   func t ions   assoc ia ted   wi th   the   remain ing  mode but tons   a re   no t   descr ibed .  

Software 

Navigation.-   In  order to  perform  the  basel ine t a s k ,  namely, a 6O dece le ra t -  
ing  approach to a hover a t   a n   a l t i t u d e  of 15  m (50 f t )  followed by  a v e r t i c a l  
l and ing ,   t he   pos i t i on   o f   t he   a i r c ra f t   r e l a t ive  to t h e  touchdown po in t  must be 
known with a high  degree of  accuracy. The exact requirements   in  terms of accu- 
racy,   resolut ion,   update   ra te ,   and  s ignal- to-noise  ra t io  a r e   n o t   p r e s e n t l y -  
known; however, fo r   t he   base l ine   conf igu ra t ion ,   t he  best information  obtain- 
ab le  was des i r ed .   P rev ious   f l i gh t  tests ind ica t ed   t ha t   adequa te   pos i t i on  and 
rate of  change of pos i t ion   in format ion   could  be obtained by using a technique 
r e f e r r e d  to  a s   t he  terminal area navigation  system (TANS) and r e p o r t e d   i n  
r e fe rence  15. This  technique is i l l u s t r a t e d   i n   f i g u r e  26. In   essence  it is 
a canplementary  f i l ter   wherein  onboard body-mounted accelerometers are reso lved  
by using a f u l l  Euler t ransformation to o b t a i n  accelerations i n  a runway- 
referenced  coordinate  frame.  These  accelerations  are  high-passed  through a 
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fixed-gain Halman f i l t e r  and  combined with low-passed pos i t ion   in format ion  from 
t h e  ground  which is also i n  a runway-reference  coordinate  frame. The f i n a l   o u t -  
p u t s  are best estimates of a i r c r a f t   p o s i t i o n  and ra te  r e l a t i v e  to t h e  touchdown 
point.  

In   t he   base l ine   conf igu ra t ion ,   t he  TANS was implemented i n   t h e   d i g i t a l  com-  
puter as a subrou t ine  (of approximately 200 i n s t r u c t i o n s )  which was c a l l e d   e v e r y  
50 m s  (once per c y c l e ) .  The radar-laser pos i t ion   in format ion  was ca lcu la ted   on  
t h e  ground  every 1 00 m s  and  transmitted to t h e  aircraft a t  a rate of  approxi- 
mately 30 samples per second. Once received, a reasonableness test w a s  per- 
formed o n   t h e   d a t a   i n  a separate subroutine.  Tests i n d i c a t e d   t h a t   t h e  TANS con- 
cept could lose updates (i.e., go open loop) for periods of up to  20 seconds 
and s t i l l  provide  reasonably  accurate   posi t ion  and ra te  outputs .  

Guidance.-  The f l i g h t p a t h  used in   the   base l ine   conf igura t ion   inc luded   the  
following: a s t r a i g h t   h o r i z o n t a l   p a t h  fran 3048-m (10  000-ft)  range to t h e  
touchdown p o i n t  a t  zero  range  and a v e r t i c a l   p a t h   c o n s i s t i n g  of a l e v e l   p o r t i o n  
a t  244-m (800-ft)  a l t i tude,  a 6O d e s c e n t   s t a r t i n g  a t  21 75-m (7136-ft)  range  and 
t e r m i n a t i n g   i n  a 1 5-m (50-ft)  hover,  and a v e r t i c a l  letdown. The speed p r o f i l e  
w a s  based  on a " c o n s t a n t   a t t i t u d e "  deceleration and w a s  programmed i n  terms of 
ground  speed as a func t ion  of range as shown by the   dashed   l i ne  on f i g u r e  27. 
The c o n t r o l  laws commanded t h e   a i r c r a f t  t o  f l y  a constant  80-knot a i r speed  
u n t i l   t h e  stored ground-speed p r o f i l e  w a s  in tercepted.  From t h i s   p o i n t  on, 
t h e   c o n t r o l  laws commanded t h e   a i r c r a f t  to  follow t h e   d e c e l e r a t i o n   p r o f i l e .  The 
h o r i z o n t a l ,   v e r t i c a l  and speed p r o f i l e s  were stored i n   t h e  computer  by using 
t h e  methods  described i n  reference  12.  Guidance laws programmed i n   t h e   d i g i t a l  
computer provided outputs   for   both  control   and  display  computat ions;  The guid- 
ance  software also inc luded   cap ture   log ic  to insure tha t   t he   sys t em was f l y i n g  
t h e  desired course ,   heading ,   and   a l t i tude   p r ior  to reaching t o  3048-m 
(1 0 000-ft)  range  point  inbound. 

Control .- The automatipapproach modes included a hori   zontal-path  coupler,  
a g l i d e p a t h   c o u p l e r ,   a n d  a speed coupler.  These were fu l ly   au tomat i c  modes 
and  could be obtained by se l ec t ing   t he   au tomat ipapproach  mode. 

The a t t i t u d e  and  heading commands r e s u l t i n g  f r m  the  automatic   control  
computations were s a t i s f i e d  by  using a high-gain  model-following  technique. 
The high-gain loop c l o s u r e s  were performed in   the  analog  canputer   and employed 
a complementary f i l t e r  on t h e   r a t e  closure as descr ibed  in   reference  16.  

System  Performance 

A composite  of 1 4  approaches  flown  over a 6-day period i n  a v a r i e t y  of 
wind condi t ions is shown i n   f i g u r e  27. During  these  approaches,   the  recorded 
su r face  winds  ranged  from 2 t o  18  knots  with  the  crosswind  components  ranging 
fran 2 to 1 4  knots.  Nine  approaches were made with  crosswinds  from  the l e f t  
and f ive  with  crosswinds from the   r i gh t .   F igu re  27 includes crossplots of 
ground  speed as a f u n c t i o n  of range,  crossrange as a func t ion  of  range,  and 
a l t i t u d e  as a func t ion  of  range. 
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The plot of  ground  speed  against   range  provides  an  indication  of  the  winds 
encountered a t  244 m (800 f t )   d u r i n g   t h e   i n i t i a l   p o r t i o n  of the  approaches. As 
no ted   p rev ious ly ,   t he   a i r c ra f t  is commanded to f l y  a t  an  airspeed  of 80 knots  
u n t i l  it i n t e r c e p t s   t h e  ground-speed dece le ra t ion   p ro f i l e .  A s  i n d i c a t e d   i n   f i g -  
ure  27, t h e   i n i t i a l  ground  speeds  ranged  from a high of  approximately 85 knots, 
implying a s l i g h t   t a i l w i n d  component a t  244-m (800- f t )   a l t i t ude ,  to  a low of 
approximately 55 knots ,   indicat ing a headwind  component  on the  order   of  25 knots  
a t  a1 ti tude. 

F o l l w i n g  ground-speed p ro f i l e   i n t e rcep t ,   t he   app roach  tracks converge to 
the  programmed dece le ra t ion   p ro f i l e .  The performance of t he  autanatic p i t c h  
c o n t r o l  loop w a s  examined  by  performing a statistical a n a l y s i s  of t he  ground- 
speed error f r a n   i n t e r c e p t  to touchdown. The results were as follows: 

Mean, knot . . . . . . . . . .  0.2 ( f a s t )  

Maximm error, knots . . . . .  5.7 ( f a s t )  
Minimum error, knots . . . . .  4.5 (slow) 

Standard  deviation,  knots . . . . .  1.4 

Although  the maximum e r r o r s  may be considered somewhat l a rge ,   t he   ove ra l l   pe r -  
formance  appears to  be good and  indicates   that   the   navigat ion,   guidance,   and 
control  system operates s a t i s f a c t o r i l y .  

The crossrange  tracking  performance, shown i n   f i g u r e  27, w a s  examined  by 
performing a s t a t i s t i c a l   a n a l y s i s  of the   c ross range  error from 3048-m 
(10  000-ft)  range to  touchdown. The results of t h i s   a n a l y s i s   y i e l d e d   t h e  
fo l lav ing:  

Mean, m ( f t )  . . . . . . . . . . .  1.5  (4.8) 

Maximum e r r o r ,  m ( f t )  . . . . . .  11.1 (36.5) 
Minimum e r r o r ,  m ( f t )  . . . . .  -1 0.8 (-35.5) 

S tandard   devia t ion ,  m ( f t )  . . . .  2.9 (9.5) 

where a pos i t i ve   va lue   i nd ica t e s   t ha t   t he   veh ic l e  w a s  to t h e   r i g h t  of t h e  
center   l ine.   Since  the  performance  indicated by t h i s   a n a l y s i s  w a s  based on 
approaches  with  crosswinds  up to 1 4  knots ,   the   overal l   system w a s  considered 
s a t i s f a c t o r y .  

The navigation,  guidance, and control   performance  in   the  ver t ical   degree 
of Ereedom is i l lustrated by the   a l t i tude   approach  tracks plotted a t  the  bottom 
of f i g u r e  27. A s  i l l u s t r a t e d   i n   t h e   f i g u r e ,   t h e   g l i d e s l o p e  capture w a s  very 
smooth wi th  no apparent  overshoot.  A statistical a n a l y s i s  of the  gl ide-s lope 
error between the  gl ide-s lope capture and the  15.2-m (50-ft)   hover  point  yielded 
the   fo l lawing  results: 
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Mean, m (f t)  . . . . . . . . . . . -1.0 (-3.3) 
Standard  deviat ion,  m ( f t )  . . . . 2 .2   (7 .2 )  
Maximum error, m ( f t )  . . . . . . 7 . 2   ( 2 3 . 7 )  
Minimum error, m ( f t )  . . . . . . -7 .5  ( -24.7)  

where a pos i t i ve   va lue   i nd ica t e s   t ha t   t he   veh ic l e  w a s  above the   g l ide   s lope .  
Here aga in   the  data ind ica t e   t ha t   t he   sys t em w a s  pe r fo rming   s a t i s f ac to r i ly   w i th  
no apparent  navigation,  guidance, or control-system  anomalies. 

A s  noted a t  the  beginning  of   this   sect ion,   the   purpose  in   present ing  the 
foregoing automatic approach  data was to i l lustrate the  overal l   research-system 
performance.  The d a t a   i n d i c a t e   t h a t   t h e   o v e r a l l   r e s e a r c h   s y s t e m   o p e r a t e s   a s  
designed  and  that   the  navigation,  guidance,  and  control  concepts  enployed pro- 
vide a sa t i s fac tory   base l ine   for   conduct ing  simulated zero-vis ibi l? ty ,   zero-  
cei l ing,   decelerat ing  approach  and  landing  s tudies .  

CONCLUDING FEMARKS 

This   report   has  described the  VALT (VTOL Approach  and  Landing  Technology) 
CH-47 general-purpose  var iable-s tabi l i ty   research  hel icopter .  The general-  
purpose  aspect of the  system stems from the   f ac t   t ha t   t he   nav iga t ion ,   gu idance ,  
control,  -and  cathode-ray-tube  display  concepts are programmable by using ground- 
based and airborne  computers.   In  addition,  signal  routing  between  airborne sub- 
systems  can be r econf igu red   fo r   spec i f i c  tests by means of jumper wires i n  a 
c e n t r a l  signal junc t ion  box. 

The c a p a b i l i t y  of the   overa l l   sys tem  has  been d i s c u s s e d   i n  terms of t h e  
c a p a b i l i t i e s  of t h e  major subsystems  involved. The automatic approach  perfor- 
mance i l lus t ra ted  ind ica t e s   t ha t   t he   subsys t ems   pe r fo rm  sa t i s f ac to r i ly ,   t hus  
providing a v i ab le   r e sea rch  system. 

To date ,   over  1 0 0  f l i gh t   hour s  have  been  accumulated  with  the VALT CH-47 
research  system  in  the  conduct of a v a r i e t y  of r e sea rch   i nves t iga t ions .  A l l  
of the   goa ls   es tab l i shed   dur ing   the   in i t ia l   des ign   phase   have  been met or 
exceeded  by t h e  VALT U-I-47 research  system  descr ibed  herein.   In  particular, 
t h e   c a p a b i l i t y  to reconf igure   the   sys tem  rap id ly  between such   d iverse   exper i -  
ments as an   in - f l igh t   s imula t ion  of the   ro to r - sys t ems   r e sea rch   a i r c ra f t  and the  
decelerat ing  approach  basel ine  configurat ion  has  been accunplished. 

Langley  Research  Center 
National  Aeronautics  and Space Adminis t ra t ion 
Hampton, VA 23665 
June 21,  1979 

20 



REFERENCES 

1 .  Salmirs ,  Seymour; and Tapscott, Robert J.: The E f f e c t s  of Various Canbina- 
t ions of Damping and Control  Power on Helicopter  Handling  Qualit ies  During 
Both  Instrument  and  Visual  Flight.  NASA TN D-58, 1959. 

2. Hel icopter   Flying  and Ground Handling Qualities; General  Requirements for. 
M i l .  Spec. MIL-H-8501A, Sept.  7,  1961. 

3. Garren,  John F., Jr.; and  Kelly, James R.: Description of an  Analog Computer 
Approach to V/STOL Simulation  Employing a Var i ab le -S tab i l i t y  Helicopter. 
NASA TN D-1970,  1964. 

4. Garren, John  F., Jr.; Kelly,  James R.; and Reeaer, John P.: E f f e c t s   o f  
Gross Changes i n  S t a t i c   D i r e c t i o n a l   S t a b i l i t y  on V/STOL Handling  Charac- 
teristics Based on a F l i g h t   I n v e s t i g a t i o n .  NASA TN D-2477, 1964. 

5. Garren,  John F., Jr.; Kelly, James R.; and Reeder,  John P.: A Visua l  F l i g h t  
I n v e s t i g a t i o n  of Hovering  and Low-Speed VTOL Control  Requirements. NASA 
TN D-2788,  1965. 

6. DiCarlo; Daniel  J.; Kelly,  James R.; and Sommer, Robert W.: F l i g h t   I n v e s t i -  
ga t ion  to Determine  the  Effect  of Longi tudinal   Character is t ics   on Low- 
Speed  Instrument  Operation. NASA TN D-4364, 1968. 

7.  Kelly, James R.; Niessen,  Frank R.; Thibodeaux, J e r r y  J.; Yenni,  Kenneth R.; 
and  Garren,  John  F., J r  .: F l i g h t   I n v e s t i g a t i o n   o f  Manual and A u t a n a t i c  
VTOL Decelerating  Instrument  Approaches  and  Landings. NASA TN D-7524, 
1974. 

8. CAE E lec t ron ic s  Ltd.: Tactical Aircraft Guidance  System  Advanced D e v e l o p  
ment  Program. USAAMRDL Tech. Rep. 71-57, U.S.  Army, Feb.  1972.  (Avail- 
a b l e  from DDC as AD 894  999L.) 

9. CAE E l e c t r o n i c s  Ltd.: Tactical Aircraft   Guidance  System Advanced D e v e l o p  
ment Program. USAAMRDL Tech. Rep. 72-55, U . S .  Army, O c t .  1972. (Avail- 
ab l e  from DDC as AD 906 617L.) 

10. CAE E lec t ron ic s ,  Ltd.;  Boeing Vertol Company; and In te rna t iona l   Bus iness  
Machine  Corp.: Tactical Aircraft   Guidance  System Advanced  Development 
Program F l i g h t  T e s t  Phase  Report - Volume I. USAAMRDL-TR-73-89A,  U.S. 
Army, Apr. 1974.  (Available  from DDC as AD 921 539L.) 

1 1 .  CAE Electronics,  Ltd.;  Boeing Vertol Company; and In te rna t iona l   Bus iness  
Machine Corp.: Tactical Aircraft   Guidance  System Advanced  Development 
Program F l i g h t  Test Phase R e p o r t  - Volume 11. USAAMRDL-TR-73-89B, U . S .  
Army,  Apr. 1974. (Available  from DDC as AD 921 498L.) 

12.  McConnell, Walter J., Jr.; Skutecki ,   Ehund R.; and  Calzado,  Alfonso J.: 
Development  of t h e  NASA VALT Dig i t a l   Nav iga t ion  System. NASA CR-144894, 
E1 9757. 

21 



13. Holden, Dale G.: HOME - An Applicat ion of Fault-Tolerant  Techniques  and 
System  Self-Testing. 1975 IEEE Intercon  Conference Record, c.1975, 
paper 11/2. 

1 4. Ins t rumenta t ion  Handbook - Volume 111. Data Systems  and Facilities, Wallops 
F l igh t   Center ,  April 1979. 

15. Niessen,  Frank R.: A Low-Cost I n e r t i a l  Smoothing  System f o r  Landing 
Approach  Guidance. NASA TN D-7271,  1973. 

16. Garren,  John F., Jr.; Niessen,  Frank R.; Abbott, Terence S.; and  Yenni, 
Kenneth R.: Application  of a Modified Canplementary  Fil tering  Technique 
for Increased  Aircraft Control  System  Frequency  Bandwidth i n  High Vibra- 
tion  Environment. NASA TM X-74004,  1977. 

22 



TABLE 1.- EVALUATION PILOT'S ( ? O N W L  CHARA(3TERISTICS 

I"-- Control 
~~ 

Pitch . . . . . . 
Roll . . . . . . . 
Yaw . . . . . . . 
Collective . . . . 

Travel Breakout 

N 

4.45 

l b  

1 .0  

2.22 j 0.5 

8.9 I 2.0 

Gradient 

1.23 0.7 

7.88 I 4.5 
I 

aThe collective  lever is held i n  position by a magnetic brake. The 
forces  are  negligible when the magnetic brake is released  to make collec- 
tive inputs. 
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TABLE 11.- NAVIGATION AND COMMUNICATION EWIPMENT 

system Remar k s a  

Inter phone  See text. 

UHF radio Can transmit from pilot 's  station,  jumpseat 
station, and research-system operator's 

- _I_ " " . . . - - -. -. , . . . 

VHF radio Same as UHF. 

VOR 

Output to A and D .  Local i zer 

Output t o  A ,  B, C, and D. 
.. 

Glide slope 

Output to A. Marker  beacon 

Output to  A and D. 
.- " - - - " . . . - .". - 

I D m  I Range output t o  A, C, and D. 
I 

compass Output to A, B, C, and D .  

1 ADF 

~ ~~ ~ ~~~~ 1 Output t o  A, B, C, and D. 

Transponder 

Output t o  A and D. Radar altimeter 

No output to  research system. 

Passenger address Audio tone (chimes) wired to   p i lo t ' s  interphone, 
j umpseat  interphone, and researcksystem 
operator's interphone. 

Voice recorder Records selected interphone  channels on magnetic 
tape cassette. Employs voice-operated relay. 

Attitude-director 
panel. Indicator can be driven by either indicator 

Optional  instrument  for  evaluation of p i lo t ' s  

avionics system or research system. 

Horizontal-situation Same as attitude-director  indicator. 
indicator 

aSignal  destinations: 
A - Safety  pilot's  indicator 
B - Evaluation pilot 's  indicator 
C - Research-system operator's  indicator 
D - Research system 
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TABLE 111.- STANDARD CH-47B OPERATING  LIMITATIONS 

Maximum airspeeds:  
Forward f l i g h t .   k n o t s  . . . . . . . . . . . . . . . . . . . . . . . . . .  160 
Sideward  f l ight.   knots . . . . . . . . . . . . . . . . . . . . . . . . .  35 
Rearward f l i gh t .   kno t s  . . . . . . . . . . . . . . . . . . . . . . . . .  30 

Maximum allowable accelerations: 
Pos i t i ve .  g u n i t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.0 
Negative.   g  units . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 

Maximum bank angles: 
A t  160 knots.  deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  
A t  145  knots or less. deg . . . . . . . . . . . . . . . . . . . . . . . .  40 

Center-of-gravity limits: 
Forward  of  datum l i n e  between rotors. cm (in.) . . . . . . . . . .  68.6 (27) 
Aft  of  datum l i n e  between rotors. cm ( i n  . ) . . . . . . . . . . . .  35.6 ( 1 4 )  

Maximum speeds a t  landing: 
Sinking speed. m/s ( f t / s )  . . . . . . . . . . . . . . . . . . . . .  2.5  (8.2) 
Forward speed. knots . . . . . . . . . . . . . . . . . . . . . . . . . .  60 

Conditions: 
D e n s i t y   a l t i t u d e  . . . . . . . . . . . . . . . . . . . . . . . . .  S e a   l e v e l  
Gross weight. N ( l b )  . . . . . . . . . . . . . . . . . . .  133 447 (30 000) 
Rotor speed.  rpn . . . . . . . . . . . . . . . . . . . . . . . . . . . .  225 
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TABLE 1V.- PILOT STICK FORCES WITH ECS FAILURES 

TABLE V.- HOME-SYSTEM (HARACI%RISTICS 

Channel 

P i t c h  

R o l l  . 
Yaw . . 

. .  

. .  

. .  

. .  

Sample First order  
i n t e r v a l ,  m s  l a g ,  T, s 

42.5  0.055 

85.0  0.140 

85.0 0.065 

85.0 ""_ 

Con t r  ol 
displacementa 

an I in. 

2.5 

1.5 

q o n t r o l   d i s p l a c e m e n t s   r e s u l t i n g  from hardover failures assume 
tha t  actuator is d r iv ing  a t  its maximum rate. 
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TABLE VI.- INSTRUMENTATION SENSW SIGNALS 

Number 
of signals 

4 
4 
4 
4 
6 
3 
3 
2 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 

Source 
__ __ _" ". 

Evaluation pilot's  control  positions 
Safety  pilot's  control  positions 
ECS actuator  positions 
Upper boost actuator  positions 
SAS actuator  positions (two each i n  pitch,  roll,  and  yaw) 
Body-axis linear  accelerations 
Angular rates 
Attitudes  (pitch and r o l l )  
Magnetic heading 
Airspeed 
Bar metr ic   a l t i tude 
Radar alt i tude 
Vertical speed 
Engine torques 
Rotor rpn 
Glide slope 
Localizer 
DME range 
VOR bearing 
ADF bearing 
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TABLE V I 1  .- RECDRDING OPTIONS 

r 
-____ 

Frequency response,a Hz . . . . . . . . .  
PC24 b i t  rate, kb/s . . . . . . . . . . .  
PCM bandwidth required  (naninal), kHz . . 
Tape bandwidth, kHz . . . . . . . . . . .  
Recording time, hr . . . . . . . . . . .  

P a  frame rate, frames/s . . . . . . . .  
Tape speed, m/s  ( in . /s)  . . . . . . . .  

"" 

Option 1 

5 
40 
44.8 
89.6 
19 (7.5) 
93.5 
2 

__ - -. ...... .... 

"""_l.-.~. 

Option 2 

l o  
80 
89 .6 
1 79 
38 (15) 
187 
1 

. . 

- ~~ ~ 

aAssumes eight samples per cycle. 

TABLE V I 1 1  .- TDS CHARACI'ERISTICS 

Word type Uplink data Downlink data 
~ ~~~~ 

I frame I frame 

Frame synchronization word . . 
Word groups of four 

0 to  48 0 to  16 1 O-Sit data words . . . . . .  1 1 

discretes each . . . . . . .  1 t o  16 1 to 16 
Error check  code word . . . .  1 

66 34 Maximum frame  words . . . . .  3 3 Minimum frame words . . . . .  
1 

- __ - 
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Figure 1 . - HO3S-1  variable-stability  helicopter. LAL 88302 
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L-72-7 
Figure 2.- YHC-1A variable-stability  helicopter. 



L-78-323 
Figure 3.-  VALT CH-47 research  helicopter. 
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Flight Display  Research  System 

Radar-Laser Tracking  Sydem 
L-79-192 

Figure 4.- Primary research mode f a c i l i t i e s  of  the VALT CH-47 helicopter. 
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Figure 5. - Overall dimensions of the CH-47 helicopter. 
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Figure 6.- Front  view of the  VALT CH-47 hel icopter .  
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Figure 7 . -  Flight  control  system of the VALT CH-47 helicopter.  
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Figure 10.- Cabin layout.  
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Figure 1 1  .- Primary VALT (33-47 f l i g h t  system. 



L-78-325.1 
Figure 12.- Research-system  operator's  station. 



L-78-324.1 
Figure 1 3. - Research-system  operator I s  primary  and  secondary  panels. 



L-79-193 
Figure 14.- Research-system  operator's  tertiary  panel. 



L-78-328.1 
Figure 15.- Digital-computer  pallet. 
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Figure 16.- Digital  computer CDU. 
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Figure 17. - ECS pitch  channel. 
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Figure 18.- Power-distribution system. 
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L-78-327.1 
Figure 20.- Instrumentation  system. 
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Figure 22.- Retroreflector array. 
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e Figure 23,.- Simplified diagram of ground-based system. 
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Figure 24.- Simplified  block  diagram of flight-display  research  system. 
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Figure 25.-  CDU configuration  for approach t e s t s .  
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Complemen ta ry  
f i l t e r  

Comp lemen ta ry  
f i l t e r  

(a) General arrangement of f i l t e r .  

4- 

(b) Cmplementary f i l t e r  i n  the X degree of  freedom. 

Figure 26.- Terminal-area navigation f i l t e r  technique. 
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Figure 27.- Automatic decelerating approaches a t  6O glide slope. 
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